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1. INTRODUCTION 

The problem of physical associatios between distant quasars and nearby 
galaxies has been discussed in the literature for more than thirty years. Bur- 
bidge et al. [1] published a catalog of galaxy-quasar associations containing 
577 quasars and 500 galaxies. They indicated that quasars show a tendency 
to be located near the halos of normal galaxies mush more often than ex- 
pected in the case of chance projections, and that this phisical relationship 
requires an explanation. The fisical connection between quasars and galax- 
ies was first interpreted as a result of gravitational lensing by halo stars in 
the galaxies (microlensing) by Canizares [2]. However, in subsequent studies 
[3-5], it was shown that gravitational microlensing cannot explain the ob- 
servations, due to the extremely low surface density of weak quasars, which 
should be amplified by microlensing. In addition, Arp [6] presented several 
arguments against the gravitational microlensing hypothesis. 

(1) Quasars in pairs with nearby galaxies are predominantly separated 
from the galaxy by several galaxy diameters, so that microlenses should 
occupy a huge volume of space around the galaxies. The observed number 
of associations requires anomalously large halo masses. 

(2) In groups of galaxies, quasar-galaxy associations are more often en- 
countered for companion galaxies than for dominant galaxies in the group. 

(3) Analysis of archival data on the variability of quasars in associations 
[7] showed a lack of variability on timescales of several dozen years, in con- 
tradiction with expectations of the microlensing hypothesis. 

As a result, Arp [6] concluded that the redshifts of quasars could have a 
non- cosmologcal nature. 

Baryshev and Ezova(Bukhmastova) [8] attempted to explain the appear- 
ance of quasar- galaxy pairs by theorizing that distant active galactic nuclei 
experienced mesolensing by globular clusters in the halos of more nearby 
galaxies. In this case, the quasar corresponds to a distant active galactic 
nucleus whose brightness is amplified by several magnitudes. Estimates of 
the expected number of associations based on calculatios of the probability 
that active galactic nuclei will be lensed lead to values of 10 2 — 10 4 , assuming 
brihtness enhancements of 5 m — 8 m . If the mean brightness enhancement is 
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lowered 3 m , the number of expected associations grows to 10 5 (based on the 
number of active galactic nuclei being ~ 10 4 /deg 2 for galaxies with apparent 
magnitudes to 29 m ). In light of these hypotheses, the arguments of Arp [6] 
lose their force. 

The current paper is a logical continuation of [8]. We do not yet consider 
the problem of the luminosity function of quasars [4,5], which will be the 
focus of the next paper in this series. Here, we compose a new, appreciable 
expanded, catalog of pairs. The number of pairs selected using the new 
observational material (8382 pairs) is in agreement with the predictions of 
theoretical computations. The search for pairs was carried out in such a way 
that the linear distance between the galaxy and projected quasar does not 
exceed 150 kpc. We used four criteria for the pair search: 

(1) there are the spatial coordinates a, £and z of the quasars and galaxies, 
so that the quasar magnitude tuq is known; 

(2) the quasar must be located farther than the galaxy (i.e., Zq > z G ); 

(3) the quasar should be projected onto the halo of the galaxy; 

(4) the galaxy should have z G > 4 ■ 10™ 4 . 

The criteria for selecting new pairs were based on the main assumptions of 
the gravitational lensing hypothesis. In particular, this theory led to criteria 
(2) and (3). Criterion (4) was derived in [8]. 

The structure of the paper is as follows. Section 2 describes the algorithm 
for selecting the pairs. Section 3 is dedicated to a general analysis of the 
resulting pairs. In section 4, presented histograms reflecting an important 
property of the associations and attempt to analyze the result obtained. 
Section 5 is concerned with the Hubble diagram for galaxies and quasars, 
and Section 6 discusses possible tests for the adopted model. We briefly 
summarize our main conlusions in Section 7. 



2. PAIR SELECTION ALGORITHM 



Since the quasars are located at greater distances than the galaxies, we 
will initially project the quasar onto a celestial sphere with a radius cor- 
respoding to the distance to the galaxy. We denote the smallest distance 
between the quasar and galaxy projectios / = GQ (Fig.l). We now solve for 
the spherical triangle PGQ with sides PG = 90 — 5c, PQ = 90 — 5q, and 
GQ = I. According to the cosine theorem, 

cos I = cos Sq cos Sq cos(q;q — olq) + sin 8q sin 5q. 



The linear distance x in kpc is x = zq ; 5-10 6 for H = 60km s 1 Mpc 

cos/ 
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Thus, if x < 150kpc and zq > 4- 10~ 4 , the quasar- galaxy pair is specified. 

The input quasar catalog [9] is available at the web address: 

ftp://cdsarc.u-strasbg.fr/cats/Vll/207 

The galaxy catalog [10] is available at the address: 

http://www-obs.univ-Lyonl.fi 

Our application of the above simple selection operation resulted in the 
new catalog of associations, which can be found at the web address: 
|http://www.astro.spbu.ru/staff/Baryshev/gl dm.htm 

3. MAIN PROPERTIES OF THE CLOSE 
QUASAR-GALAXY PAIRS 

The selection criteria indicated above are satisfied by 77843 galaxies and 
11358 quasars. Of these, 1054 galaxies and 3164 quasars were included in 
pairs, making up a total of 8382 quasar-galaxy pairs. Cases when one quasar 
is near several galaxies are encountered fairly frequently. Examples of such 
situations are presented in Table 1. 
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Table 1. Examples from the catalog of quasar-galaxy associations showing 
several galaxies near a single quasar. The columns contain: (1) pair number in 
the original catalog, (2) quasar name, (3) quasar redshift, (4) quasar apparent 
magnitude, (5) galaxy name, (6) galaxy redshift, (7) galaxy apparent magnitude, 
(8) distance between the galaxy and projection of the quasar onto the plane of 
the galaxy in kpc, (9) a = zq/zq. The table presents data for three quasars and 
eighteen galaxies with which they are associated. 
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Table 2. Examples from the catalog of quasar-galaxy associations showing a 
number of quasars near a single galaxy. The columns contain: (1) pair number 
in the original catalog, (2) quasar name, (3) quasar redshift, (4) quasar apparent 
magnitude, (5) galaxy name, (6) galaxy redshift, (7) galaxy apparent magnitude, 
(8) distance between the galaxy and projection of the quasar onto the plane of the 
galaxy in kpc, (9) a = zq/ zq. The table presents data for the galaxy PGC 0003844 
and 47 quasars with which it is associated. 
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One simple explanation for the data can be obtained if the distribution of 
galaxies along the line of sight has a fractal nature; i.e., if, in accordance with 
[11], we adopt the following parametric representation for the concentration 
of objects along the line of sight between the source and observer: 

where n o ;(i? ) is the concentration of objects at the distance R®, R is the 
distance to the lens, R s is the distance to the source, and D F is the fractal 
dimension of the galaxy distribution. Usually, a uniform distribution of lenses 
is obtained if Dp = 3, in which case rii(R) = const. The observed value for the 
fractal dimension is close to Dp ~ 2 [12,13]. The character of this relation is 
such that, if some quasar (according to the Barnotti- Tyson hypothesis, the 
nucleus of an active galaxy) is projected onto the halo of a nearby galaxy, the 
probability that the quasar is also projected onto other galaxies is enhanced, 
since the galaxy is part of a fractal structure. The inverse is also true, since 
two objects of a single class along the line of sight in a fractal structure have 
equal validity relative to the path of a light ray. This means that cases 
when ther are several quasars near a single galaxy should be rare. Examples 
of such cases are presented in Table 2. The galaxies PGC 0003290, PGC 
0003589, PGC 0001014, PGC 0003238, PGC 0003721, PGC 0002789, and a 
number of other are surrounded by tens or hundreds of quasars. 

Why should a distant quasar be projected onto the halo of a more nearby 
galaxy? There exist at least three possible explanations. 

(1) If the galaxy is very close to the observer, it covers a relatively large 
fraction of sky. There is some probability for the chance projection of quasar 
onto the halo of the nearby galaxy. 

(2) If the spatial distribution of galaxies is fractal and at least some 
fraction of quasars are the nuclei of active galaxies (i.e., they belong to the 
same general class of objects- galaxies), there should be a significant number 
of pairs due to the properties of fractal distribution, as noted above. 

(3) Due to gravitational mesolensing by halo objects with intermediate 
mass, such as globular clusters, whose number in galactic halos can reach 
several thousand [4], some fraction of objects viewed through these lenses will 
appear to have anhanced luminosities and will be interpreted as being quasars 
[3]. As a result, the clustering of the mass in the halos of nearby galaxies 
"magnifies" the light from a distant galaxy that would otherwise simply not be 
visible. The result is the detection of a close quasar- galaxy pair. The result 
is the detection of a close quasar- galaxy pair. The appearance of numerous 
quasars around a single galaxy can be explained by the large number of 
globular clusters acting as lenses in the halo. 
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We will analyze the distribution of the galaxies along the line of sight from 
the observer to the quasar in order to elucidate the origin of the observed 
associations. 

4. MUTUAL LOCATIONS OF THE GALAXIES 
AND QUASARS IN ASSOCIATIONS 

The distance to the quasar (which we take to be indicated by its redshift) 
is denoted zq. The analogous distance to the galaxy is zq- We introduce the 
quantity a = zq/zq, which is the normalized distance from the observer to 
the galaxy in a system in which the distance to the quasar is egual to unity. 
We determined a for all the quasar-galaxy pairs. The result is shown as a 
histogram ofx as a function of number of pairs with that a value (not to 
scale). We obtain four relations for various halo sizes (50 and 150 kpc) and 
quasar redshifts (Fig. 2). 

Even without a more careful analysis, we can see that galaxies in as- 
sociations are preferably located either near the observer, a < 0.1, or near 
the quasar, a > 0.9, avoiding intermediate distances between the observer 
and quasar. The appearence of the first " tail" at a < 0.1 is not surprising. 
Most galaxies are located nearby, so that the substantial contribution to the 
number of pairs from such galaxies could be an observational selection ef- 
fect. What about the second "tail" at a > 0.9, which is stable to variation 
of the halo size and quasar redshift? Similar dependences were obtained for 
the catalog [1] in [8], based on 241 pairs. The data have now been expanded 
appreciably to 8382 pairs, but the dependences have remained essentially un- 
changed. Let us try to elucidate their intrinsic properties. We assume that 
the following effects are responsible for these dependences to some degree: 

(1) the fractal distribution of galaxies along the line of sight, with a fractal 
dimension close to 2; 

(2) gravitational lensing by globular clusters in the galactic halos (or by 
other halo objects displaying clustering with a King mass distribution); 

(3) chance projected pairs. 

We studied this question using computer simulations. We fixed the 
galaxy positions and scattered the quasars randomly, with zq from 0.1 to 
3. In this way, we attempted to remove the effect of possible lensing. There 
remain to effects that could lead to the formation of pairs: random projec- 
tions and nature of the distribution of the galaxies along the line of sight. 
Figure 3 shows the result of identifying pairs for the case of a random distri- 
bution of background quasars. The results have changed both qualitatively 
and quantitatively. The number of pairs has dropped dramatically, to 2000 
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(compared to 8382), and the second tail in the distributions has disappeared; 
i.e., its presence in the observational data is not due to random effects. 

As a second step in our computer simulations, we randomly specified the 
positions of 77483 galaxies, with zq from to 0.25, and of 11358 quasars, 
with zq from 0.1 to 3. Figure 4 shows the result of identifying pairs for 
this case of randomly distributed galaxies and quasars. An analysis of this 
histogram indicates that about 1200 pairs could be obtained due to random 
positional coincidences. However, another qualitative result is more reliable 
and interesting: in the case of chance coincidences, the quasars in pairs are 
not projected onto nearby galaxies whose distances are close to those of the 
quasars; i.e., again, the tail at a > 0.9 disappears. 

Thus, crude estimates of the model relations suggest that about 15% of 
the pairs formed due to random projected positional coincidences. In the 
framework of our adopted assumptions, the remaining pairs form as a result 
of the fractal distribution of galaxies along the line of sight and due to lensing 
by halo objects with a King mass distribution, with the effects of lensing and 
of the fractal galaxy distibution complementing each other [8]. Let us now 
consider the following selection of 8382 quasar-galaxy pairs. If some quasar is 
projected onto the halos of several galaxies, we select the pair with the mini- 
mum distance between the quasar and galaxy projected onto a single galaxy, 
we consider all these pairs, since several hundred, or even several thousand, 
globular clusters can be located in the galaxy's halo, each of which can act as 
a lens, resulting in several amplified active nuclei of distant galaxies, inter- 
preted as quasars. We now construct the same histogram for such a sample 
of 3164 quasars and 1054 galaxies, shown in Fig. 5. Qualitatively, the results 
are as befor: there are excesses of pairs with a < 0.1 and a > 0.9. Note 
the numerical values for a > 0.9 ( "tail" with a < 0.1 has a high fraction of 
chance pairs, and is not informative in a numerical sense). It turns out that 
the postulated lenses are located primarily in halos less than 50 kpc in size. 
The histogram shows that about 83% of the lenses are located in such halos, 
whose size does not exceed 50 kpc while the remaining 17% of the lenses are 
located at distances of 50 to 150 kpc. If these lenses are globular clusters, 
they should be located at precisely such distances from the centers of their 
galaxies, in accordance with the data of [14]. 

As an example, we present data for 146 globular clusters in the Milky 
Way (Fig. 6). We can see that 140 of the 146 globular clusters are located 
in the halo out to distances of 50 kpc, in agreement with the histograms 
in Figs. 2 and 5. The same dependences of the number of globular clusters 
with distance from the galactic center are characteristic, for example, A754, 
A1644, A2124, A2147, A2151, A2152 [15], as well as for NGC4874, NGC4889, 
NGC4472, NGC4486 [16]. 
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5. THE HUBBLE DIAGRAM z = f(m) 
FOR GALAXIES AND QUASARS 

Figure 7 presents a Hubble diagram z = f(m), for the 77483 LED A 
galaxies and 11358 quasars. All the quasars are shifted to the left from the 
straight line corresponding to the "0.2m" law. 

In the context of the gravitational lensing hypothesis, this shift for the 
quasars can be explained as the effect of brightness amplification during 
lensing. If the quasars are the amplified nuclei of active galaxies, they can 
be shifted to the strip corresponding to the brightest galaxies by "removing" 
several magnitudes from their brightnesses. The presence of a distinct lower 
boundary to the region occupied by the quasars can be explained by the fact 
that there are objects brighter than — 23 m in the initial catalog of quasars. 

6. OBSERVATIONAL TESTS 

Since the observational data for the quasar-galaxy associations are consis- 
tent with the gravitational lensing model, this raises the question of futher 
observational tests of the model. We propose the following observational 
tests of the properties of the quasars that are members of associations. 

(1) The expected angular separation of multiple images of quasars due to 
lensing by objects such as globular clusters is several milliarcseconds. There- 
fore, it is important to study the structure of the compact radio components 
of quasars in associations that have sufficient radio fluxes for VLBI observa- 
tions. Of course, the theory does not exclude the possibility of a single image 
being formed. In addition, the image splitting could be unobserved due to 
insufficient dynamical range for the observations. 

(2) The expected variability of the quasar's brightness due to the motion 
of the globular clusters takes place on time scales of more than a thousand 
years. Variability on timescales of less than a year is also possible, as a 
consequence of microlensing by individual globular cluster stars. 

(3) Since globular clusters are located in the halos of galaxies, absorp- 
tion lines with z a b s corresponding to the redshift of the galaxy may arise in 
the quasar spectra. It would be interesting to continue the work begun in 
[17], comparing the properties of quasars with absorption lines and quasars 
in associations. In particular, the well known increase in the number of ab- 
sorption lines with approach toward the quasar could be associated with the 
fractal nature of the large-scale distribution of galaxies along the line of sight. 
In this case, we should also expect an increase in the number of absorption 
lines with approach toward the observer. 

(4) Comparisons of the spectral properties of quasars in associations with 
those of various types of active qalactic nuclei could serve as a probe of 
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the structure of the emission-line formation region, which could be affacted 
differently during lensing by King objects. 

(5) Analysing the properties of quasar-galaxy associations, we can es- 
timate the fraction of galaxies of various morphological types in the total 
number of associations and the distribution of globular clusters in each type 
of galaxy. 

(6) In the case of quasar with jets, the curvature in the jet trajectories 
that is not associated with real curved motion of the material ejected from the 
core, but is related to the refraction of rays in the presumed lens is possible. 

(7) In the hypothesis of gravitational microlensing of quasars, the Hubble 
diagram presented above can be used to estimate the amplification coefficient 
for quasars, by moving each quasar to the strip of brightest galaxies. Know- 
ing the dependence of the amplification coefficient on the position of the lens 
between the observer and source, it is possible to estimate the distance to 
the postulated lens. 

(8) It is possible to devise a computer simulations of the large-scale fractal 
distribution of galaxies and quasars, in order to organize searches for quasar- 
galaxy pairs and compare the resulting data with the catalog of observed 
associations. 

7. CONCLUSION 

We have derived a new catalog of close quasar- galaxy pairs including 
1054 galaxies and 3164 quasars comprising 8382 pairs. All the galaxies in the 
associations show a strong tendency to be located close to either the observer 
or the quasar, avoiding intermediate positions along the line of sight to the 
quasar. This property of the pairs and their considerable number can easily 
be explained if we adopt the following assumptions. 

1) The quasars in associations could be gravitationally amplified active 
nuclei of distant galaxies. There are sufficient numbers of active galactic 
nuclei to provide the observed number of quasars if there is a probability of 
10~ 4 for a brightness amplification by 3 m . 

2) Galaxies on scales ~ 150 Mpc have a fractal distribution with a fractal 
dimension close to two. A uniform galaxy distribution makes it difficult to 
explain the enhanced number of pairs with a > 0.9. 

3) The role of the gravitational lenses can be played by objects such as 
globular clusters or clusters of dark matter characterized by a King density 
distribution, located primarily in galactic halos at distances of up to 50 kpc 
from the galactic center. The importance of the King distribution is that 
it has a conical caustic that can explain the enhanced probability for the 
galaxies harboring the lenses to be near either the observer or the quasar. 
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The point and isothermal-sphere lens models that are often considered in 
the literature give an enhanced probability for the galaxy to be located in a 
central position between the observer and the source, in contradiction with 
the observed properties of the association. The derived histograms indicate 
that quasars in associations are most often projected onto the galactic halo 
at distances out to 50 kpc, in spite of the fact that the pair selection criteria 
allowed projections out to 150 kpc. This provides an additional argument 
that the relationship between the distant quasars and nearby galaxies is 
associated with globular clusters in the galaxy halos. 

4) Quasars that were not included in the catalog of assosiations can also 
be gravitationally amplified galactic nuclei, since it is probable that a galaxy 
surrounded by lensing objects is present near the projection of the quasar and 
is simply not detected. This possibility follows from the above histograms. 

The hypothesis that we are dealing with gravitational lensing og the dis- 
tant nuclei of galaxies can provide a simple physical interpretation of the Arp 
effect; i.e., the observed frequency with which quasar-galaxy associations are 
encountered. The quasar redshifts are cosmological in nature, and do not 
require any new physics. 
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